Abstract: Exposure to pollutants is usually higher in cities than in the countryside. Generally, in the urban areas pollution sources as traffic, power generator and domestic heating system are more intense and spatially distributed. The pollutants can be classified as a function of long-term toxicological effects due to an exposure and inhalation. In the present work, several kinds of pollutants concentration generated in Rome during 2015 have been analyzed applying different advanced post-processing technique. In particular, statistic and cross-statistic have been computed in time and phase space domain. As main result, it is observed, as expected, that all the pollutant concentrations increase during the winter season into a couple of time ranges despite of [O 3 ] that has high values in summer. It can be clearly concluded that Rome has a strongly unsteady behaviour in terms of a family of pollutant concentration, which fluctuate significantly. It is worth noticing that there is a strong linear dependence between [C 6 H 6 
Introduction
Outdoor air pollution has myriad sources, both natural and anthropogenic. It is a mixture of mixtures, and the mix of contaminants in outdoor air varies widely in space and time, reflecting variation in its sources, weather, atmospheric transformations and other factors. In any particular place, the pollution in outdoor air comes not only from local sources, but also from sources that affect air quality regionally and even globally [1] . The main reason for the air quality problems is urban population growth, because people are constantly moving from rural to urban areas [2] . The air pollutants result higher in urban area because of a combination of many elements such as industrial activities, energy production plants and domestic heating [3] . They are noticeable by the toxicological effects resulting from long-term exposure via inhalation [4] .
The major pollutants produced are related to human activities, especially those produced by combustion and industrial processes. The International Agency for Research on Cancer (IARC) focused the attention on the human exposures to PM (Particulate Matter). The risk of being exposed to a mixture of pollutants depends on particulate matter smaller than 2.5 µm, which is a common useful indicator [4] . Therefore, the PM 2.5 can be taken as indicator of population exposure to outdoor air pollution. In 2010, 3.2 million of people died because of cardiovascular disease, caused by the exposure including floods, rainfall, wind speeds, wave height, snow depths, earthquake, and other maxima. For the present research activity, probability density functions fitting of the pollutant concentration were calculated. The GEV distribution turned out to be very attractive mathematical tool since its inverse has an analytical form, and its parameters are can be easily estimated [33] [34] [35] [36] [37] [38] . This last feature allows us to compute the return period: the likelihood of an event to occur. This post-processing strategy is common applied to pollution database to develop model. Shen et al. developed a statistical model using extreme value theory to estimate changes in ozone episodes [39] .
Materials and Methods

Characteristics of the Study Area
Rome is the capital of Italy, and the largest city situated in the west-central part of the country. It is also one of the most populous cities in the European Union with 2.9 million residents in 1285 km 2 . Considering the metropolitan area of Rome, the population reaches up to 4.3 million residents in 5352 km 2 . With a history of more than two and half thousand years, Rome is called the Eternal City because of the number of open-air museums. It is a mixture of a modern city and a plethora of monuments, piazzas, villas, museums, churches, Egyptian obelisks, the Forum and Vatican City. Its climate is typically Mediterranean: winters are cool and humid and summers are hot and dry. In the coldest month (January) the temperature can reach about 0 • C, and in the warmest months (July and August) the temperature can reach 36 • C.
The problem has two faces: there are a lot of pollutant activities and the public transport is not efficient enough to reduce the number of cars. Pedestrian and public transport are only 20% of the total mobility, while 60% of journeys are made by private means of transport; in the historical centre this modal share changes into 34% of pedestrians, 29% of public transport and 37% of private transport [40] . In order to partially solve the problem of pollution, the Government has developed a lot of policies to improve the net of the means of transport [41] .
Studying the air pollutant in the city of Rome is important because there is a high density of population and for the effects of pollutant on the variety of open-air museum.
Pollutant Legislation
The European Union policy on air quality has the goal of implementing appropriate instruments aimed at improving air quality. The control of emissions from mobile sources, improving fuel quality and promoting and integrating environmental protection requirements into the transport and energy sector are the main goals of this policy [42] .
The Directive 2008/50/EC of the European Parliament [43] is the main legislation about ambient air quality. It fixes health based standards and objectives for a number of pollutants in air. These standards are applied in different time spans because the observed health impacts associated with the various pollutants occur over different exposure times. Table 1 shows the standard adopted in the Directive 2008/50/EC. 
Post Processing Techniques
In this paper, different statistics and cross-statistics have been computed in time and Fourier domain. These correspond to time-frequency analysis that study a signal in both the time and the frequency domain simultaneously. In particular, the different techniques adopted are:
•
Probability distribution describes the possible values that a random variable can take within a given range.
Kurtosis is a measure of whether the data have a flattening or elongation from the normal distribution. High kurtosis indicates a flattering distribution, while low values indicate an elongation distribution.
Skewness is a measure of the asymmetry of the distribution. A data set is symmetric if it looks the same to the left and right of the center point.
Poincaré sections are a way to represent a dynamical system. The surface of section presents a trajectory in n-dimensional phase space in an (n-1)-dimensional space. By picking one phase element constant and plotting the values of the other elements each time the selected element has the desired value, an intersection surface is obtained. The phase space is a surface that describes all the possible states of a system.
Cross-correlation is a measure of similarity of two data series as a function of the lag of one relative to the other.
Coefficient of variation normalizes the standard deviation with the mean of a data. This index gives information about the variability of a data set.
Generalized Extreme Value distribution is often applied to analyse a large set of data characterized by small or large value. In this approach three simpler distributions into a single form are combined, allowing a continuous range of possible shapes.
Monitoring Station Network
ARPA Lazio [44] , the regional environmental agency, operates several air quality monitoring sites in the Lazio Region, including Rome. The Rome monitoring network consists of 10 [O 3 ] that are shown in Figure 1 . The monitoring network acquires concentration data every hour and every stations is set to monitor different type of concentrations. All the stations taken into account are placed inside high density urban areas that are characterized by traffic and domestic heating system pollutant sources.
The monitoring stations are constituted by fixed structures in which the entire measurement instrument, the acquisition systems and local storage are placed inside. The procedures and the control of the quality of the measures are assured by ARPA Lazio [45] . A zero value was considered when an instruments errors were found.
All the measurement instruments are made by Project Automation. Table 2 shows the sensors used for each concentration. 
Results and Discussion
In the present study, the data recorded in 2015 were considered. It is useful to consider the mean values of contaminants of each station in order to represent the average pollutant concentrations of Rome.
Before 
Before The [O 3 ] is recorded to be higher in the summer and during the hottest hours, when the solar radiation is highest. As a matter of fact, the presence of solar radiation allows the reaction of nitrogen dioxide (NO 2 ) in the formation of ozone (O 3 ).
The [SO 2 ] have values up to 8 µg/m 3 compared with the limit of 125 µg/m 3 reported in Table 1 The main pollutant species in terms of probability density function (pdf ) have been analysed and represented in normalized form in order to have zero mean and unitary standard deviation defined as follows:
where as · is denoted the ensemble average and as σ is indicated the standard deviation. It is shown in Figure 12 ] have a narrow distribution around the most frequent value and significant positive tail. The latter aspect can be ascribed to intermittent energetic events embedded in concentration time histories. To better clarify this aspect all pdf are fitted using the Generalized Extreme Value (GEV) function. By means of the GEV function, the return level and period were calculated in order to evaluate the occurrence time of these events as reported in Figure 13 . The main pollutant species in terms of probability density function (pdf) have been analysed and represented in normalized form in order to have zero mean and unitary standard deviation defined as follows:
where as 〈•〉 is denoted the ensemble average and as σ is indicated the standard deviation. It is shown in Figure 12 Analysing the probability distributions in comparing with the standards reported in Table 1 10 ] the limit of 50 µg/m 3 for an averaging period of 24 h was exceeded 39 times that is more than 35 permitted exceedances each year by the legislation. These exceedances are concentrated in December when there was a combination of exogenous state variable (i.e., temperature, humidity and wind velocity and direction, and traffic flow) and low rainfall. For [O 3 ] the limit of 120 µg/m 3 for an averaging period of 8 h was exceeded 7 times. For this concentration, the legislation permitted 25 exceedances days over 3 years. Analysing the probability distributions in comparing with the standards reported in Table 1 As stated previously and as further confirmed by the values assumed by Kurtosis and Skewness (see Table 3 Figure 13 . Dimensionless Return level trend for all the pollutant concentrations.
As stated previously and as further confirmed by the values assumed by Kurtosis and Skewness (see Table 3 Figure 12 , indicating the presence of a species of pollutant that fluctuate significantly around an average value.
Given that the most important benzene source is the urban traffic, the concentration of benzene may be used as an index of city traffic flux and its time history can be taken into account as reference. The production of benzene is characterized by small oscillations in Rome during the time window investigated. Furthermore, [C 6 H 6 Figure 14 . This correlation is due to the fact that nitrogen oxide and carbon oxides are combustion products and that their fluctuations are due to the oscillations of the city traffic flux. It is noteworthy that [O 3 ] is weakly related to the production of benzene but it is indeed in phase opposition with it. To further investigate this interesting aspect, the Poincaré section of [C 6 Figure 12 , indicating the presence of a species of pollutant that fluctuate significantly around an average value.
Given that the most important benzene source is the urban traffic, the concentration of benzene may be used as an index of city traffic flux and its time history can be taken into account as reference. The production of benzene is characterized by small oscillations in Rome during the time window Figure 14 . Cross-correlation between pollutant concentrations; benzene concentration is taken into account as a reference signal; the time axis is normalized respect to a reference time: t* = 86,400 s. Figure 14 . Cross-correlation between pollutant concentrations; benzene concentration is taken into account as a reference signal; the time axis is normalized respect to a reference time: t* = 86,400 s. Qualitatively is provided that to a reduction of [C 6 H 6 ] under a certain threshold level corresponds an increase of [O 3 ]. Such behaviour could be attributed to exogenous state variable, which were not taken into account in the present work.
Conclusions
Observance of air quality standards represents a great challenge in cities, especially in the ones in which traffic and other additional sources are combined with bad weather conditions. With reference to this issue, the results herein provided shown that the major pollutant concentrations are observed in the winter seasons during the intense traffic flow and the threshold values are often exceeded. Furthermore, according to the coefficient of variation values, Rome has a strongly unsteady behaviour in terms of a family of pollutant concentration which fluctuate significantly.
[ The main objective for the reduction of air pollutant is to reach, thanks to the implementation of suitable mobility policies, an urban sustainable development, i.e., to improve traffic mobility conditions, to increase road safety and to decrease traffic caused by pollution and to re-qualify urban spaces. It includes rationalizing public space, safeguarding citizens' health and life quality, and preserving historical and architectural heritage.
The government is promoting both long and short-term activities to reach these goals. From the analysis of the current air situation, it is clear that traffic is the reason why the pollutant concentrations are so high. Traffic is the main source of [CO], [C 6 H 6 ] and [PM 10 ] concentrations.
In order to reduce the pollution in Italian cities and in particular in Rome, measures are needed to decrease the level of the various substances dispersed into the air. One of the main actions that can be performed is the reduction or elimination of the use of the most polluting cars, i.e., cars Euro 0, 1 and 2. As a matter of fact, Roma Capitale has imposed the circulation reduction of these cars permanently from 15 December 2015 [46] .
Regarding the reduction of the pollutants due to buildings heating systems, it is necessary to replace traditional boilers with more efficient systems, such as condensing boilers. As a matter of fact, the condensing boilers allow reducing the utilization of combustion and a consequence decrease of emission.
However, the boilers are only one element of the heating systems. Its efficiency depends on other elements such as distribution, emission and regulation. Using condensing boilers coupled with other high heating systems elements, can improve the total efficiency and reduce the environmental emission.
The Poincaré sections in Figure 15 gives a significant contribution to the modeling purpose: such as dynamical model (ODE) or regression approach (LUR) (see among many [47, 48] ).
More specifically, the experimental analysis shows a correlation between [C 6 H 6 ] over [NO] and [C 6 H 6 ] over [O 3 ]. These aspects are well known for small scale zero-dimensional reactor, but for very large scale problems as the city domain is not commonly investigated. Therefore, a reduction of a three dimensional large scale process to zero-dimensional phenomenon as in homogeneous volume can be consider the first step for a mathematical model development by means of an ODE system as follows: 
This aspect is the fundamental task to predict the time evolution of the pollutant species generated within an urban domain.
Furthermore, as a result, it can be clearly concluded that Rome has a strongly unsteady behaviour in terms of pollutant concentration. All-time series are positive skewed, indicating that some short time rare events, of pollutant concentration, have an order of magnitude bigger than the expected values. Such as intermittent behaviour must be taken into account for modelling purpose.
